Sanitized Copy Approved for Release 2011/07/14 : CIA-RDP80-00809A000700230098-7

r

50X1-HUM

[PLIFULVERASE
—_— CLASSIFICATION 7-0-y £-1-D-E-I"1-1-A-T,
CENTRAL INTELLIGENCE AGENCY REPORT
INFORMATION FROM
FOREIGN DOCUMENTS OR RADIO BROADCASTS CD NO.
COUNTRY Czechoslovakia DATE OF
INFORMATION 1953
SUBJECT Scientific - Biology, microblology in petrcleum
prospecting and recovery
HOW DATE DIST. /{ Apr 1955
PUBLISHED  Bimonthly periodical
WHERE
PUBLISHED Prague NO. OF PAGES &
DATE .
PUBLISHED  Aug 1553 + A
SUPPLEMENT TO
LANGUAGE  Russian REPORT | 50X1-HUM

TRIS DOCUMERT CORTAINS INPORMATION AFFECTING TKL NATIONAL DEFENBE]
0F TNE UNITED STATES, #ITHIN THEMEANING OF TITLE I8, SICTIONE 79))

MaNd 784, OF Tul U.3. CODE, 43 AMENDED. TS TRANSWITHION OR RIVE. T‘Hls ls UNEVALUATED INFORMATION

Lavaow OF 175 CONTENTS TD Ok RCCLIPT BY AN LNAUTHONIZED PLWSON I8

SOURCE Chekhoslovatskaya Blologiya, Vol 2, No 4, pp 226-231

MICROBIOLOGY IN THE PETROLEUM INDUSTRY

M. Dostalek

[Comment: The article summerized below reviews recent work on ﬁa
the application of bacteriological techniques in the petroleum in-
durtry. Although the review compiled by the Czech suthor is rather
objective, it tends to emphesize USSR work on the subject. Much of
the information on work done outside of the USSR which is contained
in the original article has been omitted in this summary because
this information is readily aveilable from otker sources.

Dostalek states that microbiological prospecting for petroleum
end microbiological surveying of petroleum and gas fields is
velng applied extensively in the USSR. On the other hand, he does
not make any references to USSR applications of the microblological
method for the secondary recovery of petroleum and describes the
possibilities of this method solely on the basis of work done in
the US by C. E. ZoBell and members of ZoBell's group.

Dostalek gives a high evaluation to the potentiaslities of the
microblological method and states that extensive and elaborate ex-
perimental work 1s being corried out in order to check the hypoth-
esis of the formation of petroleum from orgenic debris with the
participation of microorganisms. Unless the Czeck author's in-
formation on US research is out of date, the experinontal work to ‘
vhich reference is made 1s being carried out in the USSR rather ;
than the US, because the theory postulating that formation of
petroleum takes place by bacterial degradation seems to have fallen
into disfavor in the US. Thus, R. W. Stone and C. E. ZoBell stated
in 1952 that there is very little experimental evidence proving
that petroleum hydrocarbons constitute the ultimate bacterial cnd
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profduet derived "o rorine organic mattor. At puesent, rescoreh
on the role of bacteria in oil forr—tion, which wus formerly cpon-
sored by the Au.riean Petroleum Institute, las been Gi:scontinued
(R. E. XirX, D. 7. Otimer, MUCJclopea.a of Chewical Technoloyy,
Wew York, 1953, Vnl 10, p» 102). On the other hand, the adherence
~T U3SZR petroleun scicnticts to the "orgenic” lzory of petroleum
formation (~:. I. M. Gubkin's viewc on the subect) and the fact
that tine nicrobiologicel thuory »f the forration of pet.oleun ic
not only regorded as valid in the USSR, but delinitely sirzcced
tiere. --ct. G. Ye. Ryebukhin, Nuit’ (PutrOlLLL), Znaniye, Moscow,
1954, 2k pp -- roks it very likely that research along the liues
indicated in the Czeel erticlsz is bein; cenducted in that country,
pos 1bly under ihy cuspices ol the Muscow Petroleum Institute imeni
I. !. Gubkin.

Ihwbers in purznthesss refer to author's bibliography. ]

Bioloyy is the science which hac been epplied ot a2 later date than any
other to the solution of theoretical and practical problems thet have &
bearing on the production of erude petreleus. During the past 20 yeers,
priroleum microbiology lzs develcopad as an independent discipline which is
Laing applied to an inerzasing extent in the petroleun irdustry. The bio-
cherical aspecls of petroleum microbiclcosy are deterrined primarily by the
ctemical composition of petroleun and nitural gases. The micrebiology of

} petroleun ls substantially a microbiology of iiydrocarbons. The basic bio-
charical processes which take place in this connection as 2 result of the
action of microorganisms are decomposition of lLydrocarbons, formation of
hydrocarbons from other substances that contain carbon, cnd transforrmation
of zome types of hydrocurbonc ints hydrocarbons of other types.

Dzcomposition of Hydroearbons |

Under appropriate conditions, praciically any hydrocarbon can be
oxidized by microorsanisrs and used by tle latter as a source of carbon and
energy. liot all hydrocarbons are dacomzoszd with equal facility: polyatomic
hydrocarbons are decomposed more readily thun ,1rg ¢ Liydrpcarbons, pareffinic
Lydrocarbous rors zasily lhun represzntatives of eny other classes, branched
an¢ isoccmpounds rore readily then normal.paraffins, ete. Although the de~
composition of derivatives of hydrocarbons by microorganicms has not been in-
vestisetad systematically, 14 hus Luen cstabliczhed that corpounds which con-
tain chlorin2 are rot decorposed and that verisus derivatives of arcmtlc
hydrocarbons, which exart a bactericsiatic or baclerieidul action at high con-
centralions, arz not ellectod ot ali. \

As far as paraffins are concerned, llqu id - Jdv)curbcnq of thic class are

\ESriSetalh \HY 'furOCL . The adoptive cepacity to [

apoLe pentane and nigher Ljydreocarbons 5 bzen cbserved on .

zoon mleroorgenisns.  More han $9 o Wk GDp 1uximatcly
axhibit this oo af uoiivity (gclvaruz Kueller -- 3 B). The

¥ C 1. g Licn ore d durores, Jerraeia, Bacterium,

cus, IWcubaPt*riur, Ducillus, Dosuliovibrio, Icthanona:. Ponicillium,

acper illus, and Torula,

Geeompssed more cucity th

resting crognists of this group
und I Bucter iu o riu. aliplaticon Yiquefa-
ciens. Both ot ~ecles ¢ poee liquid uralfindic Lydrocarbons. On
the other hand, naphthenic p"drocnrbono are (roxppes2d only by Bacterium
alirraticum liguefaciens. Tauss =t a2l progo.. ! that those s reorgonisms be
used fo thz cnalysis of mixturces or for the soparation of parciiinie hLydro-
caroons from nephLilenes.

ond
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Gaseous hydrocorbons in the range {rom ratlene to uro.wne ars decerponad
by only o limiteg nunber of species of mierocrgunicns and i deeordnition
of the hydrocarbons by these mieroorgarisce proceeds clovly. Ye. N. Bokova
(1) subdividad the microorgani vhich oxidize kydrucerbons of this tyze into
thirue Croups; n;ethane-axidizin5 b:cterm, wihane-oxidizing bacteria, and
Prrlane-oxidizing bacteria. The groups ar: named aftor the simplest hydro-

coroon which is decomposed by membars of the group.

The areatest attention Yras been Jaid to the investisation of bacteria
oxidizin: metlane.

351id hydrceurbons are ascimilated srincipally by a numbzr of fungl and
2lso by actinomycetes, Some Lacteria decompose veraflin wex. The polymers
of clefins and of cther -ydrocerbone which constitute raturel anwu synthetic
rubber are dec..0s20 by funci, cetinenyec tet, and bacterie.

Auong bacterie that deconpose hydrccarbons these which reduce csulfates
undar anzerobic conditions comprise an irportant grouy. The chemistry of the
2ction ¢f these bacteria on Lydrceorbons hes not vet been clarified completely.
In the opinion of Sore authors, the bacteria in guestion affect prineipally
paraffinic hydrocarbons beginning with Cecane ond higher than decane. A
cer*ain proportion of the hydrocarbon resorbed by the baeteric 1s oxidized
corpletely, whil: znather fraction is used by them as 2 source of carbon. In
this process lower hydrocerbons are formed, which may be of the nephthene or

) polymethylene tyve (J. Appert, 1952, G. D. Novelld; C. . ZoBell, 19LL;
. W. 0. Tauson, 1925).

The end productz of the asrobic assimiletion of hydrocarbons are, in
addition to the orgenic mass of the tacteric whien has formed, p~fmarily car-
‘bon dioxide and water. Arcng the intermodiate pr-ducte Sf th decomposition
of hydrcearbons ene finds the most diverse weids, alcohols, oxyprenoLy, and
compounds derivad from %etones (C. £. ZeBell, 168, 1you).

Mieroorgonisms that decompose hydrocarbons arc encountercd in larpe
guentities in the coil, particularly in th- vielnity of petrolewn deposits,
o2troleum pipelines, ote. G. A. Mogilovakiy states that 150,000 bacteria
which decompose Lydrocarbons occur in on2 sraw of soil (2), whiie Soclnzen
(*©35Y found up to 2C0.00C of such bacieria in ons gram of soil and up to
300 of bacteria cayable of -ssimileting paraffin [paraffin wax?] in one
milliliter of effluent vzzoy.

Thé. Formation of Hydrocarbons

The hydrocarbons which are forrsl - rlersorgunisns cither become a ‘
component of thelr srotcplosm or feorm “iw. sroducts of tie microorpenises’

matabolism. ilothane is tormed ac 2 ronult af tre anerobic decenpisition

of cellulece and of other orzenic substence:s. This decomposition is brought !
about by a nurber of breterfa, particnlerl:; those which form 2 part of the ‘
microflora of the soil. In adittion to mesophilic bzcteria, a nmurber of

thermophilie baclaria are active in this respoct. Rzeently, spectroscopic
Investizations have demonstrated with certzinty that ethone and propane are !
formed in cultures which are kept at a hydrostatic Frecsure of Z0C-5G0 ‘
Atrospheves (J. Awsert, 1952).

More complex gusocous and liguid hydrocarbons ere formed in censiderable
quentities under the effect of desulfurizing bacteria. It hes been shown that
paraifiniec hydrozurbons of U 823 - 025 range are formed when certain strains
of Desulfcvibrio are cultiveicd under oressure in the presence of capreoic acid
(c. E. zZoBer1, 93k, 1945). The rormmtion of aromatic hydrocarbons as &
result of the action of microorganisms has elsc been proven.
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. As far az invesiiration. in ths Sield of peotroleun are concerned,
nicroblological methods con be applied in the following subdivisions:

1. ldercblologicel prospectirg, correlation of findings, and core

ing

2. The action of microorganisms on hydrocarbons
3. Solution of the nroblem of puiroleum formation
L. Liberation of petrolsus from Cepositc.

Microbiological Procyectiing and Surveying

Recently microbiologisws hiave begun to participate in petroleum pros-
Q2ting. The nethods of microbioalogicel prospecting make use of the fact
*hat rieroorganisms of the soil wnich require hydrocarbons react in a very
sensitive manner to the presence of gaszous lLydrocarbons that seep through
“wom patreleur deposits. Althoush gascous hydrocarbons often penetrate to
the solli's surface in very smell concentrations only, the microorganlsms
clase to the surface are very sensitive to them. Ye. N. Bokove states that
¢ content of 0.00:% of gaseous rydrocorbonz in the cir is sufficient to stim-
ulcte the propagation of methanc-o:idizing or propene-o:xidizing bacteria.{1)

Hydrocarbon microorzunisis -re practically ubiguitous in the soil. How-
evere, the most favorable conditions ror the _ropagation of these microorgen-
isr; are created by the scepoge of paseous hydrocarbons from [petroleum and
noturel zes) deposits. Whenaver seepage of this kind occurs, accuruleiion
of" the microorzanismc takes place.

. whieh reguire hydrocarbones is determined in
L, ihe places whera the larzest nueber of bacteric
creat degree of certainty be assumed to lie above
Alevckiy et 2l (£,3), V. A. Sokolov (I), and
¢ ool rlzvoviclogical procgecting which
With the oid of Lis meiled, many petroleum

: USSR whieh chow Jrect promise. In many
itz huve been loceied by using this

©
a
petroleum depnsito A
o I. Subbote (5, C

£1-:1ds nave becsn discovircd in
cases patrolewn and nutiral
mathod.

the application

L procedures have

P el swus hydrecarbons in the
5L hydrocarbon becteria., A
inorgenic nulrient nedium
ered on top to excluds air,

th:e inercaze in the nunber
By using t.ds ncthod,‘one
2eps through to the spot
cas, 1L ewliur-cs that

«
R

To eliminate uniaves:
ol tuc microbiological
been developed by meano
soil ic determined witi. the uid of pura cultu
culture with o krnowa Liter in a suitebly o
is introduced intc shallow well:s whileh ore
After a definite pericd of inesbation It
I picroorgenicms in o cullure i deterwinzd.
nay letermine the relative quantity of ga
wader favestlgeticn and cloo e ¢ .
are sensitive to specific kirde of Lydrocorbonc have besn used. Information™
sertaining to the mathod in question Lz been published by G. A. Mogilevskiy.(2)
A patent pertairing to the subject v tahen out by R. T. Sanderson (ef. US
vatent o 22¢4k25, issucd in 1943).

SUCLANCS

Choracteristic charies occur in the composition of the microflora of
e 3

veters thet Lave bean cither in direct contact with pstrolcum deposits or
in contaci with goses emanating from such
be uzad in prospecting. A method of pros;c

, T
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bacteriological exmmination has been developed in the USSR. This method is
based on regularities governing the accumulation of bacteria which oxidize
methane, oxidize liquid hydroecarbons, end reduce sulfates. According to L. D.
Shturm, an important factor to be considered in this type of investigation is
the morphological composition of the microflora (/). This composition 15 de-
Egrmined by filtering samples of the vater through filters of the film type.

3

2

Microbiological investigation of samples of stratum waters obtained in
the course of drilling is carried out in the same mamner. Microbiological
correlation of waters occuring in different localities is an essential part
of this work. Correlation from the microbiological standpoint is of the
greatest importance both for drilling and production. Biological core sam-
Plinghas also teen found userul in recent times. Substentially, this core sam-
pling aiso amounts o microbiological examination of water and correlation of
dat. obtained in this manner. Of sarticular importance in the correlation
of date are obcervationms pertaining to the accumulation of desulfurizing bacteria,

The significance of microbiology for petroleum prospecting and for the
correlation of data pertaining to petroleum prospectirng is not limited to the
individual methods of investigation mentioned above. The microbiological
Processes which take place are often so intensive that they affect the results
of nurely chemical methods of investigation. Thus, methods of gas prospecting
that are based on the detection of gaseous hydrocarbons in the soil yield un-
reliable results in places where bacteria are very active, because the hydro-
carbon bacteria are effective as a factor which resorbs and modifies hydro-
carbons thet seep into the soil. Other chemical methods of prospecting, par-
ticularly those which are based on the Investigation of organic substances of
the soil, are also closely connected with the activity of hydrocarbon bacteries
and a knowledge of this activity.(5,6)

Effects of Microorganisms on Petroleum and Petroleum Products

Decomposition of petroleum and of petroleum products by microorganisns
may result in considerable damage. Bacteria affect crude petroleum end prac-
tically all petroleum products » particularly when water is present (9). or
particular importance is the deterioration of special grades of motor fuel
under the 2:tion of bacteria. As a result of anmerobic decomposition, pre-
cipitation of lead sulfide may teke place in gasoline containing tetraethyl
lead with consequent reduction of the octane nurber. Gaseous hydrocarbons
which may form as a result of deterioretion caused by bacteria increase the
dapger of spontaneous ignition of liquid fuel that is kept in storage.

(J. Appert, 1952; C. E. ZoBell, 1G5, 1650).

Hydrocarbon microorganisms cause decomposition of o0il in cooling emul-
sions used in the metallurgical industry, so that other bacteria multiply
in the emulsions &s a result. Some of these bacteria are pathogenic and
induce skin diseases affecting the hands of workers. Other microorganisms
of the same class as those which produce the decomposition of oil may
cause deterioration of paraffin wax used for sealing bottles which contain
medicines and chemicals, with the result that the contents of the bottles
als0 deteriorate. Rubber, both natural and synthetic, likewise deteriorates
as a result of the action of microorganisms.

Hydrocarbon bacteria may also exert a beneficial effect. Thus, A. Z.
Yurovskiy states that methane-oxidizing bacteria are capable of decomposing
up to 96% of the methane conteined in the air of coal mines (20). . Hydro-
carbon bacteria may also be used to advantage to treating industrial wastes
that contain hydrocarbons.

-5 -
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Formation of Petroleum

Of. the many theories explaining the formetion of petroleum, practically .
only one is peing recognized at present, namely the so-called organic theory
which assumes that petroleum was jormed from orgsnic matter of animal and
plant origin. Although it is certein that microorganisms participated in the
brocess of formation of petroleum, their role in this process has not yet been
sulficiently claritied.

Petroleum-bearing strata invariably contain live microorganisms, no mat-
ter how deep these strata are located (11). The bacteria isolated from pe-
troleum deposits are mostly anaerobes. However, aerobes also occur there
and among them representatives of the genus Desulfiovibrio are prominent. The
strains of microorganisms obtained from great depths are adapted to high pres-
sures, scarcity of oxygen, high temperatures, and other conditions typical for
their natural enviromment. Notwithstanding this, they can be relatively easily
accustomed to laboratory conditions of culturing.

Investigation of recent marine sediments has shown that microorganisms
vhich are in every respect close to those found in petroleum deposits take
part in the decomposition and transformations of organic matter at the sea
bottom. Few aerobes are encountered in marine sediments. Anaerobes predom-
inate there, and emong ther representatives o~ the genus Desulfovibric are
again prominent. In the process of anaerobic decomposition of organic mat-
ter, this matter is enriched in carbon and hydrogen.

As a result of processes taking place &t the sea bottom, petroleum dis-
persed in small quantities over large areas was formed. Formation of the
petroleum deposits as we know them today took place by migration of the
petroleum that was originally formed. Microorganisms presumably took part
in the process of migration (12), as has been suggested by J. Appert and
C. E. ZoBell.

A number of experiments that have been carried out with microorganisms
isolated from petroleum deposits or from marine silt confirms the correctness
of the assumption that microorganisms participate in the processes described
above. For instance, it has been established in these experiments that farty
acids may be transformed into 1iquid hydrocarbons under the action of bacteria.
Gaseous hydrocarbons, particularly ethane and Jropane, may form together with
methane under the action of bacteria when the hydrostatic pressure is high.
The role of microorganisms in the migration of petroleum has also been con-
firmed experimentally. A method has even been proposed whereby the effect
produced by microorganisms in this respect may be utilized in the secondary
exploitation of petroleum occurences. Long-range experiments are being con-
ducted on a large scale with the aim of reproducing completely the process of
formation of petroleum from organic debris with the participation of micro-
organiims.

Liberation of Petroleum from Deposits

It appears to be estabiished that microorganisms are one oi the fectors
which inf{luence the migration of petroleum. The method proposed by ZoBell
for a more complete liberation of petroleum from deposits with the aid of a
microbiological procedure duplicates to a certain extent processes which occur
in nature. In this method cultures of appropriate microorganisms that are
sensitive to petroleum hydrocarbons sre inzroduced into petroleum deposits the

tain a considerable amount of petroleum adsorbed on matter which consists prin-
cipally of carbonates. In such deposits the microorganisms propagate intensively

and affect both the petroleum and the surrounding rock formations, contributing
to -the liberation of the petroleum in the I)llowing ways:

.6 -
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1. As a result of decomposition and evolution of carbon dioxide and
methane, the viscosity of the petroleum is lowered.

2. The carbonates are destroyed under the effects of the acids which
are. formed.

-3. The gases that are formed in processes (a) and (b) increase the
pressure, in this manner bringing about displacement of the petroleum.

L, Fatty acids and other decomposition products facilitate saponifica-
tion [sic; presumably should be emulsification] of the oils in water,

The microorganisms which are suitable for this procedure belong to the
class of bacteria that reduce sulfates, decompose hydrocarbons, and are re-
sistant to high concentration of salts.

The present review does not cover all possibilities of applying micro-
organisms in investigations pertaining to petroleum. The microbiology of
Petroleum is forging ahead and receives the greatest amount of attention
everywhere. Moreover, the significance of data on hydrocarbon microorganisms
is not restricted to applications in the field of petroleum. These data ilso
have a bearing on many other fields, such as industry, public healtl, biologi-
cal purification of water, and investigations of coal deposits.
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